V 




196 



~0) 



119 



AUDIO OUTPUT 



PRINTER 



197 



O 



FORE/ AFT 

IMBALANCE 

SIGNAL 



150 



1M0 

LOAD 

INDICATOR 
150 

PRINTER 



O 
O 

o 
o 
o 
IT 



122 



KEYPAD 



□ □□ □ 

□ □□ □ 

□ □□ □ 
B □ □ □ 



135 

F-N-R DIRECTION 
SWITCH 



DISTANCE 
SENSOR 



PROCESSING 
UNIT 



101 



DIGITAL 
READOUT 




137 



DUMP 
SWITCH 




139 



HOIST 
CYLINDER 
PRESSURE 
SENSOR 



U.S. Patent Jun. 13, 1989 





FIG. 14 b 




APPROVED 
BY 

DRAFTSMAN 


O.G. FIG. 


CLASS 


SUBCLASS 



o 



__U.S. Patent Jim. 13, 1989 Sheet 9df28 4,839,835 u 




-I 



^US. Patent jun. 13, im sheet 10 of 28 4,839,835 













oc 


LU 




LULU 






1— > 


1— 1 




HHQC 


cc 


M 


OCO 


a. 








LU 


1 


LU 




LU 


crcc 




QCOC 




ua 


DO 


1 


DO 




2:0 


coco 




COCO 




<tco 


COZ 




coz 






LULU 


1 


LULU 




CO LU 


crco 




CC CO 




1— ico 


Q_ 


1 


Q_ 




O 



CE 
O 
QCCO 

LULU 

OOO 



o 

CL.CO 

13 LU 
OOO 



02 1 



Patent Jun.l3,1989 Sheet 11 of 28 4,839,835„ 



RAM 107 



MISC. TEMPORARY 
STORAGE 



ARRAY I 
(16 NET PRESSURE DATA) 



ARRAY T£ 
SUMMARY OF HAULING/ LOADING 
PARAMETERS OF CURRENT OPERATOR 



ARRAY TLX 
(ARCHIVE OF SUMMARIES) 
(FOR ALL OPERATORS) 



ARRAY H 



ARRAY 3T 



ARRAY 3Z1 



ARRAY 



FIG. 16 c 



I 

US. Patent Jun.13,1989 Sheet 12 of 28 4,839,8351 




FIG. 17a 



U.S. Patent 



Jun. 13, 1989 Sheet 13 of 23 , 4,839,835 



( TRUCK "\ 
VTURN^ON ) 

210 



INITIALIZE 
ALL NEEDED 
VALUES 



250 

MANUALLY 

ENTER 
OPERATOR/ 
J.D. # 



.230 



READ TIME 
AND DATE 

FROM 
TIME CLOCK 



240 



PRINT: 

1. DATE 

2. TRUCK I.D. 

3. TIME 

4. OPERATOR 

I.D. # 



260 



COUNT- 
MAX. COUNT 



269 



INCREMENT TOTAL 
DISTANCE FROM 
DISTANCE SENSOR 



270 



CALL 
READ PRESSURE 
SUBROUTINE 

:fig. i8h) 




277_ 

CALL 

OPERATOR SUMMARY 
SUBROUTINE 
(FIG. 18x) 



SUBTRACT TARE 
PRESSURE FRGtt 
AVE. PRESURE (STEP 620) 
= NET PRESSURE 




FIG. Ida 



BY 

WAfTSHAwI 



CLASS 



subclass] 



_ US. Patent Jun. 13, 



1989 



Sheet 14 of 28 4,839,835 ] 




NET > YES 

^pressure, 
'no 



289 



STORE NET 
PRESSURE IN 
ARRAY I 



300 



AVG. LAST 16 
NET PRESSURES 
IN ARRAY I 



286 



NET PRESSURE - 0 
BUCKET PRESSURE = 0 




305 



CALL 
AXLE LOAD 
ANALYSIS 
SUBROUTINE 
(FIG. 18P) 




FIG. 18b 



_ US. Patent Jim. 13, 1m sheet 15 of 28 4,839,835, 



[FRC 



396 



CORRECT 
TIME 




380 

r have\ yes 
[gears been 

SHIFTED^ 
N0^ 

YES ^^ARE>\ 
Tto 'SWITCHES' , 
PRESSEO TO 
*SET TIMES 



cMOO 

DUMP SENSORlNP- 
ACTIVATED/ 

'YES 



CALL 

DUMP SUB-ROUTINE 
(FIG. 18>) 



I 



READ PRESSURE 
AND STORE AS 
BODY- UP PRESSURE 



406 



H10 



I 



SET 
DUMP FLAG 



420 



390 




PRINT: 

1. GEAR SHIFTED FROM 

2. WEIGHT OF LOAD 

3. TIME IN GEAR 

4. DISTANCE IN GEAR 




430 



DISTANCE TRAVELED 
TON-MILE - X 
( LOAD 4 TRUCK TARE WEIGHT) 



440 



DETERMINE ELAPSED 
TIME FOR LOAD 



1 



450 



PRINT 

1. WEIGHT OF LOAD 

2. ELAPSED TIME FOR LOAD 



435 



RUNNING TOTAL- RUNNING TOTAL 
(TON • MILE) "+TON • MILE 




470 



PRINT \ 
REAL TIME 
OF DUMP J 



— L. 



PREVIOUS HOUR 

PRESENT WHOLE 
HOUR TIME 



475 



FIG. 18c 



U.S. Patent jun. 13,1939 sheet 16 of 28 4,839,835 




480 



PACK 16 
LOCATIONS OF 
ARRAY I WITH 
BODY- UP PRESSURE 



READ 
PRESSURE 
OF TRUCK 
BODY 



490 



500 



STORE 
PRESSURE OF 
TRUCK BODY 
IN ARRAY X 



510 



CALCULATE AVG. 
PRESSURE FROM 
ARRAY I 



520 
IS " ^ 
AVG. PRESSURE 
> BODY- UP 
PRESSURE + 
CONSTANT 



523 



SET 

BODY-UP FLAG 



522 



P 

DISTANCE 



- + 



aHEe 




521 N ° 
NO/IS 
TRUCK 
MOVING 



YES 



INCREMENT 
TOTAL NO. OF 
BODY- UP 
LOADS 



I 



RESET 
BODY- UP FLAG 

526 



YES 

1s\5 24 

BODY- UP 
FLAG 
.SET 

'no 



527 
IS AVG> . 
T PRESSURE > 
TARE PRESSURE 
+7X OPTIMUM 
J-OAD PRESSURE 



FLASH AND 
PRINT OUT 
OPERATOR NO J 



(GOTOl 
v530. 



FIG. 18 d 



U.S. Patent Jun. 13, 1989 



Sheet 17 of 28 



4,839,835 




READ AND 
STORE 16 NEW 
NET PRESSURE 
VALUES IN 
ARRAY I 



580 



CALCULATE 
AVG. N_ 
PRESSURE 
FROM ARRAY I 




FIG. I8e 



.US. Patent Jun.13,1989 Sheet 18 of 28 4,839,835, 



ROUTINE FOR SENSING 
M0N0T0NIC WEIGHT CHANGE 




IS 
COUNTER 
= MAX. 

.count; 

YES 

^ CURRENT^ 
"AVG.NET PRESSURl 
> OLD AVG. NET 
PRESSURE 4- 
^ONSTANJ^ 
rES 



COUNTER = 0 







CONVERT CURRENT AVE. 
NET PRESURE TO WEIGHT 



600 



SET SIZE OF ARRAY I AND 
MAX. COUNT TO 16 





602 


OLD.AVG.NET _ 
PRESSURE ~~ 


CURRENT AVG. 
NET PRESSURE 


604 


OLD NET 
PRESSURE — 


CURRENT NET 
PRESSURE 




606 



CALL LOAD IMBALANCE 
SUBROUTINE (FIG. 18J) 



608 



CALL LOAD ANALYSIS 
SUBROUTINE (FIG. 18K-M 



616 



UPDATE DISPLAY 
OF WEIGHT 



594 



SET SIZE OF 
ARRAY I AND MAX. 
COUNT TO 24 



596 



SPIKE 
SPIKE + 1 



FIG. 18 f 



„US.. Patent Jim. 13, 1989 Sheet 19 of 28 4,839,835 , 




READ PRESSURE 
SUBROUTINE 



READ PRESSURE 

FROM SENSORS 51A-51D 



TORE 

PRESSURE = 


630 


mo 


AFT 

PRESSIIRF " 


51B*51P] 




SIDE 1 

PRESSURE = 


.51A*51B 


fifin 


SIDE 2 
PRESSURE 


51C*51D 

2 



RETURN 
TO 

v?75 y 



FIG. 18 h 



o 



.US. Patent Jun.13,1989 Sheet 20 of 28 4,839,835 




OPERATOR NO. 

CHANGE SUBROUTINE 



669 



READ TIME 



TIME OF NEW OPERATOR = READ TIME 
TAKING CONTROL 



670 



671 



lnPFR4TnD E rn WTD n,- BB£ PI M OPERATOR TAKING CONTROL- 
| OPERATOR, CONTROL TIME OF OLD OPERATOR TAKING CONTROL 



TIME OF OLD OPERATOR 
TAKING CONTROL 



IAVG. WEIGHT 
I OF BUCKET = 



IIML OF NEW OPERATOR 
TAKING CONTROL 



672 



673 



lira imp mifeim i 



67M 



AVG. NO. OF SPIKES TOTAL NO. OF sptkfs fgf 
PER LOAD = I Q I AC NO! ft MW li t 



675 



I T-MPH 



T 



676 



AVG. HAUL 
CYCLE TIME 



677 



BODY- UP DISTANCE = 
I PER BODY-UP LOAD 



ir BODY- MP DISTANCE 

AQO. Of BODY- Up LOADS 



678 



AVG. NO. OF 

BUCKETS PER LOAD 



680 



itM»-ili 



I 690 



AVG. MAX. 



700 



— i /uu ( STEP 



. . PRINT 

1. AVG. WEIGHT OF BUCKET 

2- AVG. NO. OF BUCKETS PER LOAD 

, 3 ' A . V §- IJ ME BETWEEN BUCKETS 

c- awp " $ X &*£% D TIME BETWEEN BUCKETS 

5. AVG. NO. OF SPIKES PER LOAD 

6. TOTAL TONNAGE HAULED 

7. TOTAL NO. OF LOADS 

8. AVG. WEIGHT OF LOAD 

9. AVG. HAUL CYCLE TIME 

10. TIME UNDER OPERATOR CONTROL 

U - ?^,^LM ERAT0R NO. CHANGE 

A OLD OPERATOR NO. 

B) NEW OPERATOR NO. 
\l' BODY- UP t DI STANCE PER BODY-UP LOAD 
13. TOTAL DISTANCE DRIVEN 



710 




FIG. IQl 



o 



.US. Patent Jun.13,1989 Sheet 21 of 28 4,839,835 




LOAD 

IMBALANCE 
SUBROUTINE 



I SIDE 1 
I PRESSURE 

>10% 



- SIDE 2 (OPT. ) 
PRESSURE (RATIO) 

LOAD CAPACITY 
PRESSURE 




SIGNAL 
SIDE/ SIDE 
IMBALANCE 



NO 




FORE 
PRESSURE 

>10X 



AFT (OPT. )j 

- PRESSURE (RATIO)) 
LOAD CAPACITY 
PRESSURE 




fRETURN 

TO 
^608 



FIG. 18 



J 



«,U.S. Patent Jun.13,1989 Sheet 22 of 28 4,839,835 1 



'ENTER> 
FROM j 

sfiO^ 



LOAD ANALYSIS 
SUBROUTINE 

770 



NEW BUCKET _ CURRENT AVE. NET PRESSURE + 
PRESSURE OLD AVE. NET PRESSURE 



780 



AV6. BUCKET = (AVG. BUCKET PRESSURE PER LOAD) (NO. OF BUCKETS PER LOAD) 
PRESSURE PER LOAD + NEW BUCKET PRESSURE 



NO. OF BUCKETS PER LOAD +1 



790 



TOTAL NO. _ 
OF BUCKETS ~ 


TOTAL NO. 
OF BUCKETS +1 




800 


NO. OF BUCKETS 
PER LOAD = 


NO. OF BUCKETS+1 


810 


READ TIME 


OF BUCKET 



815 



STORE NEW BUCKET PRESSURE AND TIME OF 

BUCKET IN TEMPORARY STORAGE FOR 
TRANSMISSION (SEE STEP 12M0. FIG. 20b) 



825 



OLD 


NEW 


BUCKET = 


= BUCKET 


TIME 


TIME 




826 



INITIALIZE 
ARRAYS X. AND YL 




827 



SET 
LOAD FLAG 



828 



ELAPSED TIME 


BETWEEN BUCKETS = 


NEW BUCKET 




OLD BUCKET 


TIME 




TIME 




840 


OLD BUCKET 




NEW BUCKET 


TIME 




TIME 



TON . MILE = 
DISTANCE TRAVELED X 
(LOAD STRUCK TARE WEIGHT) 



TOTAL ELAPSED _ 
LOADING TIME ~ E 



829 



RUNNING 
I TOTAL 
(TON. MILE) 



RUNNING 

TOTAL + 
TON. MILE 



ARRAY X 
(LOAD BUCKET) 

ARRAY I (N). 



850 



TOTAL ELAPSED LOADING TIME 
APSED TIME BETWEEN BUCKETS 



= NEW BUCKET PRESSURE 

= AVG. BUCKET PRESSURE 
PER LOAD 



'RETURN^ 

TO 
v616 



852 



ARRAY XL 


_ ELAPSED 


TIME 


855 


( LOAD BUCKET) 


~ BETWEEN 


BUCKETS 






FIG. 18 k 



«,U.S. Patent Jim. 13, 1989 Sheet 23 of 28 4,839,835 



860 



. 1S\880 
ELAPSED* , 
TIME BETWEEH 
BUCKETS > MAX. 
ELAPSED TIME 
BETWEEN 
BUCKETS 
YES\^^ 885 



NO 



MAX. ELAPSED TIME 
BETWEEN BUCKETS - 
ELAPSED TIME 
BETWEEN BUCKETS 




LOAD ANALYSIS- 
SUBROUTINE (CONT.) 



870 





ACTIVATE 




RED 




LIGHT 





ACTIVATE 




1/M YELLOW 




LIGHT 



ACTIVATE 
1/2 YELLOW 
LIGHT 



925 



ACTIVATE 
3/M YELLOW 
LIGHT 



926. 



ACTIVATE 
GREEN 
LIGHT 



MAX. ELAPSED TIME - ELAPSED TIME 
BETWEEN BUCKETS. BETWEEN BUCKETS 










(RETURN! 



FIG. 18 m 



BY 


U.b. r 




CLASS 


SUBCLASS 


AFT^MAM 







o 



_U.S. Patent Jun.13,1989 Sheet 24 of 28 4,839,835 




AXLE LOAD 
ANALYSIS SUBROUTINE 



READ PRtSSURE IN HO 
CONVERT Tfl 


I 9?8 

1ST CYLINDER AND 
WEIGHT 




929 


ADD BODY IARE WEIGH1 
CALCULATED TN STPp tot 


10 WEIGHT 01- LOAD 1 
TO GET TOTAI WEIGHT | 


rAirillATC rciiTm nr 


930 



body from totA, uKsTlUS^h^^ 



CALCULATE FRONT AXLE LOAD 



940 



CALCULATE REAR AXLE LOAD 



950 



ta rSS. PREDETERMINED LOAD 
TO FRONT AND REAR AXLE LOADS 



960 



980 



PRINT AXLE LOADS 




FIG. IS \ p 



GY 





iU. | 


CLASS 


SUBCLASS 



o 



_U.S. Patent Jun.13,1989 Sheet 25 of 28 4,839,835 



fENTER> 
FROM 
106 



DUMP SUBROUTINE 



1000 



TOTAL 
TONNAGE 
HAULED 



TOTAL 
_ TONNAGE 
~ HAULED 
+ WEIGHT 



1010 



NO. OF BUCKETS PER LOAD = 0 
AVG. BUCKET PRESSURE PER LOAD = 0 



TOTAL MAX. 

ELAPSED TIME 
BETWEEN BUCKETS 



1020 



TOTAL MAX. ELAPSED 
TIME BETWEEN BUCKETS 

MAX. ELAPSED TIME 
BETWEEN BUCKETS 



TOTAL NO. .TOTAL NO., 
OF LOADS " OF LOADS 

I 



TOTAL 
NO. OF = 
SPIKES 



TOTAL NO. 
OF SPIKES 
+ SPIKES 



1030 



10M0 



^ IS \ 1050 
AVG. NEP\ u 
PRESSURE > 
MAX. LOAD 
PRESSURE. 



YES 



1060 



NO. OF 

OVERLOADS 




NO. OF x . 
OVERLOADS +1 


1070 


OVERAGE _ 
PRESSURE " - 


AVG 
MAX 


. NET PRESSURE 
. LOAD PRESSURE 



1080 



OVERAGE - T ° TAL 0VERAGE PRESSURE 
PRESSURE ~ OVERAGE PRESSURE 



1090 



CONVERT DATA IN ARRAY 3E TO WEIGHT 
AND PRINT TABLE OF ARRAY X ( BUCKET 
WEIGHT AND AVG. BUCKET WEIGHT) AND 
ARRAY 21 ( ELAPSED TIME BETWEEN 
BUCKETS) FOR EACH BUCKET OF A 
LOAD CYCLE. 




U.S. Patent 



Jun.13,1989 



Sheet 26 of 28 



4,839,835 




TRUCK 3 y 



DUMP AREA 1 



SYNC TRUCK NO. 



DUMP OR LOAD 1 FIG. 19 1 



SYNC 



TRUCK NO. 



LOADER NO. 




mem 




ir ****** 




HAUL TIME 
ROUTINE 



1097 



READ TIME 








n = i 








POLL TRUCK (7?) 


1099 


Jv. 1100 
f RECEIVE i NO 





l^PRESENf^J 

7* ES 1110 




DECODE TRUCK NO. 





1102 




J 130 
. ISDUMP\ ND 
INDICATION 1 
.PRESENT 
X 

YES 



LOADED 


TIME - LOAD TIME 


HAUL = 


TIME 





READ AVG. LOADED HAUL TIME 

FOR THIS TRUCK/ LOADER 
COMBINATION 



CALCULATE NEW 
AVG. LOADED HAUL TIME 



STORE AVG. LOADED HAUL TIME 
FOR THIS TRUCK/ LOADER 
COMBINATION 




1180 



BASED ON TRUCKS IN TRANSIT TO LOADERS 
n AND AVG. LOAD TIME OF EACH LOADER 
DETERMINE LOADER WITH MINIMUM DFLAY TIME 



1190 



TRANSMIT LOADER 
DESTINATION TO TRUCK 




FIG. 20q 



,U.S. Patent Jim. 13, 1989 Sheet28of28 4,839,835 




DATA DOWNLOAD 
ROUTINE 



1210 

IS 
SIGNAL 
PRESENT 
? 

'YES 



^ ARE-i 220 
NO r TRUCK NOS> 
EQUAL 
? 




HAS\12H0 

DATA BEEN 
GENERATED 

SINCE 
LAST POLLING 
REQUEST ? 



1260 



STORE AND DISPLAY 
LOADER NO. 



1250 



KEY 

TRANSCEIVER AND 
TRANSMIT KEY 



1255 



RESET DUMP 
AND LOAD FLAGS 




FIG. 20 b 



